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Si tting and rising from a chair are among the most common daily activities. Most investigations [1] [2] [3] [4] [5] in this area have described kinetic and kinematic variables obtained using a force plate or from cinematographic data. Few authors 1, 5, 6 have used electromyography (EMG) to determine information about the activation of leg muscles during the sit-to-stand movement. Falls are an important cause of morbidity, hospitalization, and mortality among elderly people. [7] [8] [9] Stroke patients are especially prone to falling because of the pathologic condition imposed on their physiologic aging process. Although EMG cannot be used to determine quantitatively the muscle forces involved in any activity, it may be used to determine differences among phasic muscle activities or gross differences in the amount of activity. Moreover, EMG is a useful tool for determining the pattern of leg muscle activation in a stroke patient who is rising from a chair.
According to our clinical experience and a report by Nyberg and Gustafson, 9 many falls by stroke patients occurred during positionchanging activities, such as rising from a chair. This study attempts to characterize the leg muscle activation patterns of hemiplegic stroke patients and the differences between stroke fallers and nonfallers with regard to rising from a chair. In addition, whether the motor pattern adapted to the altered biomechanical performance of stroke patients is also discussed.
SUBJECTS AND METHODS

Subjects.
A total of 70 hemiplegic stroke patients whose condition was proven by computed brain tomography and 20 age-matched healthy subjects who had no history of stroke participated in this study. Among the 70 hemiplegic patients, 31 had middle cerebral artery infarcts, 12 had lacunar stroke in the basal ganglia, 19 had putaminal hemorrhage, and eight had thalamic hemorrhage. All the hemiplegic stroke patients were medically stable, had adequate comprehension of our instructions, and were able to stand and walk. Subjects were excluded if they had orthopedic or peripheral nerve injuries to their lower limbs, a history of previous traumatic brain injury, stroke, or neurologic impairment, or an inability to follow instructions and participate fully in the test. Informed consent was gained from all normal subjects and patients or their legal guardian.
The period since being afflicted with stroke ranged from 8 mos to 2 yrs, with a mean of 1.1 yr. All subjects had undertaken rehabilitation programs. The severity of the motor deficit was classified using the Brunnstrom stage; it did not differ significantly between stroke fallers and nonfallers. Although most of our stroke patients could only perform joint movement in synergy, they were functional walkers. All our subjects were living at home. A total of 27 of the 40 stroke nonfallers (67.5%) and 21 of the stroke fallers (70%) used ankle-foot orthoses while they were walking or performing daily activities. However, no orthoses was worn during this sit-to-stand study. Information about falls was gathered by asking the patients, their family member, or caregivers. Those who had experienced one or more falls (excluding trips or slips caused by environmental factors) during the poststroke independently ambulatory period were classified as fallers, and those who reported no falls were classified as nonfallers. Among the 70 stroke patients, 30 were fallers and 40 were nonfallers.
The Ashworth scale was used to assess the severity of limb muscle hypertonus. Those with a rating of 0 -2 were placed in the absent-mild spasticity group, and those with a rating of 3-4 were placed in the moderatesevere spasticity group. Statistical analysis was performed to determine whether the severity of spasticity related to the falling of stroke patients.
Procedures. An AMTI (Advanced Mechanical Technology, Watertown, MA) force platform and a multiplechannel surface EMG, MA-100 (Motion Lab Systems, Baton Rouge, LA), were used in combination with a computer for data collection and analysis. The EMG surface electrodes were placed on the skin overlying the muscles of the bilateral quadriceps (QUA), the medial hamstring (HAM), the tibialis anterior (TA), and the soleus (SOL). The activities of these muscles were monitored using bipolar disposable surface electrodes. The sites where electrodes were placed were rubbed with a rough piece of cloth and then thoroughly cleaned with alcohol to keep the skin impedance as low as possible. Electrodes were placed on the muscles and longitudinally attached to the muscle fibers. Simultaneously with the kinetic measurements, EMG activity was recorded from the listed eight leg muscles. Before data acquisition, the electrical signals were bandpass filtered, rectified, and sampled at 960 Hz.
The subjects were barefoot and dressed in shorts. They were seated on an armless, backless chair that was adjusted to the height of the subject's knee (determined as the distance from the lateral knee joint line to the floor). The feet were placed in parallel, one foot on each force plate, with the medial borders of the feet 10 -15 cm apart, determined according to the subject's body size. Each subject's ankle was placed at approximately 10 degrees of dorsiflexion and the knee angle was at 100 -105 degrees of flexion. This was mandatory because the initial posture considerably affects the timing of preparation and execution of the sit-to-stand movement. Subjects were instructed to rise from the chair in their normal fashion-that is, at a self-paced, com-fortable speed. One of the investigators gave the command "ready, set, start." A synchronization switch was used by one of the investigators to simultaneously activate data collection of EMG and kinetic force data. Because the starting points of the data sampling were synchronized, the times for EMG and kinetic data could then be combined and analyzed. Analysis began from the moment of the start of movement and continued until the patient was standing fully upright. For all subjects, the results of three trials were averaged for analysis.
The sit-to-stand movement was divided into three phases according to the force changes on the force platform. The initiative phase began when the vertical ground reaction force started to decrease, as the subjects began to flex their trunks. The executive phase included the sharpest rise in vertical ground reaction force and ended when the peak vertical momentum was achieved. Finally, the standing phase began at the moment of peak vertical momentum and ended with the stabilization of the total body vertical force in the force plates, when the subjects were finally standing. Data collection was terminated at the end of this phase, as the steady standing position was achieved. The timing data were normalized and expressed as percentages of the total duration of the sit-tostand movement.
The onset of each muscle was identified from the EMG record and determined as the time when the rectified EMG signals initially moved above the premovement baseline values and remained at Ͼ5% of the peak of the within-subject ensemble average for Ͼ50 msecs. All EMG onsets were calculated in relation to the onset of movement. The latency of muscle responses was defined as the activation time of each lower limb muscle between the start of the sitto-stand movement and the onset time of each specific muscle. EMG latencies were averaged over three trials for each subject before statistical analysis. The difference between the latency of the leg muscle response of the affected side and that of the sound side was a direct measure of the difference between the onset times of the activities of the muscle pairs.
The activation sequence was characterized by visual inspection of the EMG record. The normal patterns and amplitudes of leg muscle activities during the movement of rising from a chair were determined in a group of 20 age-matched healthy subjects with no overt neurologic deficits. Subjects in this group were tested according to the same protocol used in hemiplegic patients. The patterns of muscle activation during sitto-stand movement were compared among both groups of hemiplegic patients-fallers and nonfallers-and the healthy subjects.
Data Analysis. Descriptive analysis was used to describe different types and characteristics of activation patterns of the lower limb muscles activities during sit-to-stand movement. 2 analysis for categorical variables and analysis of variance for continuous variables were used to compare differences between the groups. Post hoc comparison was used to determine where the significant differences lay. A paired t test was used to compare the differences in the onset latency of EMG activity within the muscle pairs between the affected and unaffected sides. The level of significance was set at P Ͻ 0.05.
RESULTS
The clinical characteristics of the subjects in the three groups did not differ significantly with respect to mean age, body weight, body height, and sex (Table 1) . No significant difference was found between stroke fallers and nonfallers in terms of the type of stroke, the side affected, the duration of the stroke, the Brunnstrom motor stage, or the presence of spasticity or sensory impairment.
The total movement time of sitto-stand transfer was significantly longer in stroke patients, especially in stroke fallers-2.1 secs in healthy subjects, 3.1 secs in stroke nonfallers, and 4.3 secs in stroke fallers. Table 2 shows the mean onset times of EMG activities (presented as a percentage of duration of motion). The mean onset time of TA activities was significantly delayed in the affected limbs of stroke patients, especially in stroke fallers. Comparing the onset latency of EMG activity among the four muscles in the same subject revealed that most normal subjects exhibited TA activation first, followed by QUA, then HAM, and then SOL activation. However, the lower limb muscle groups were activated closely together and exhibited variable onset patterns in stroke patients. In other words, the SOL and HAM muscles activated almost simultaneously with TA and QUA muscles. Furthermore, in some stroke fallers, the SOL muscle activated before the TA and QUA muscles. The timing of the executive phase as a percentage of the total movement time did not differ significantly among the three groups. In this study, the executive phase began at 37%, 36%, and 34% of the total movement time in stroke fallers, nonfallers, and healthy subjects, respectively. Regarding the difference in the onset latency of EMG activity within the muscle pairs between the affected and unaffected sides, the TA muscle on the affected side in the stroke fallers exhibited significantly delayed muscle activation (P Ͻ 0.01). On the other hand, the SOL muscle on the affected side in the stroke fallers displayed significantly earlier muscle activation (P Ͻ 0.01).
When the healthy subjects were sitting, no muscle activity was monitored in the leg muscles. In the initial phase of sit-to-stand movement, increased activation of the TA muscle was noted as the initial weight shift was begun. During the executive phase, QUA and TA muscles continued activation to its peak and then tended to diminish in amplitude until a fully standing position was reached.
As the standing phase approached, QUA and TA became inactive, but the SOL and HAM muscles remained active throughout the standing phase. Stroke patients displayed impaired recruitment of the muscles in the hemiplegic limbs, with compensatory increased activities of the unaffected limb. At the beginning of the executive phase, the unaffected TA and QUA muscle were recruited as early as possible and with greater amplitude than normal. Figure 1 exhibits different types of leg muscle activation pattern during the sit-to-stand movement. Table 3 shows distribution of leg muscle activation patterns in the three groups during the sit-tostand movement. The basic muscle activation pattern in the unaffected side of stroke nonfallers resembled that in the normal subjects, except that the amplitudes of TA and QUA were much larger and prolonged than those of a normal pattern. However, some alterations in the muscle activation sequence associated with decreased amplitude of muscle activities in TA were noted in stroke fallers. Many variations among the muscle activation patterns in the affected sides of stroke patients were noted. Identifying a clear muscle activation pattern in most stroke fallers was difficult because most stroke fallers exhibited an absence of, or a significant reduction in, motor output, or they exhibited interrupted motor-unit activation. Of the stroke fallers, 70% exhibited no muscle activation or merely low-amplitude, interrupted bursting activity in their TA muscles. TA, tibialis anterior; QUA, quadriceps; HAM, hamstring; SOL, soleus. P Ͻ 0.01 between TA muscle in the affected side of stroke fallers and TA in the other groups; P Ͻ 0.01 between SOL in the affected side of stroke fallers and SOL in the other groups.
Half of our stroke fallers showed premature or excessive activation of the SOL muscle in their affected limbs during the sit-to-stand movement.
DISCUSSION
In rehabilitation medicine, the sit-to-stand transfer is an important goal in improving the patient's mobility. However, the EMG patterns of sit-to-stand movement have received relatively little attention. Although EMG aberrations in the stance and gait of hemiplegic patients have been extensively documented, 10,11 few authors have included EMG to obtain information about the activation of leg muscles during sit-to-stand movement. 1, 5, 6 The QUA, HAM, TA, and SOL were chosen for study herein because of their essential role in controlling anteroposterior stabilization of the knee and ankle joint in healthy subjects and because their postural responses are impaired in hemiplegic patients. The absolute amplitudes of EMG activities in different normal muscles vary widely, making less reliable direct comparison of results among subjects. Therefore, the EMG activity for normal subjects was expressed as a percentage of the activity in a maximum voluntary contraction, whereas in hemiplegic patients, the EMG signals for each muscle were expressed in terms of a percentage of the peak of the within-subject ensemble average.
Butler et al. 12 stated that an important part of a compensatory mechanism used by patients with gross muscle weakness was full flexion of the trunk in the early stage of rising, usually combined with a lower speed of ascent. Physical therapists often use this strategy to facilitate stroke patients rising from a chair. In this study, the hemiplegic stroke patients clearly required more time than healthy subjects to stand up from a chair. However, the timing of the executive phase of sit-to-stand motion as a percentage of total movement time did not significantly differ among the three groups. The executive phase started at 34%, 36%, and 37% for the healthy subjects, the stroke nonfallers, and the stroke fallers, respectively. This finding was similar to results obtained by previous authors: Kralj et al. 1 reported that the seat-off phase started at 34% of the motion, and Millington et al. 5 reported that the lift phase started at 36% of the motion.
When healthy subjects performed sit-to-stand movement, TA was the first muscle to be activated. The finding in this study was consistent with previously reported results. 6, 13, 14 Early activation of the TA muscle would reflect its contribution both to stabilizing the foot and to rotating the shank forward at the ankle to assist in moving the body mass forward. TA activation was followed by almost simultaneous activation of QUA, which contributes to the early stabilization of the knee before knee extension.
14 After TA and QUA, the HAM muscle was the next to be activated, it might act as knee stabilizers to make stability in the standing phase. Garland et al. 15 found a significant delay in the activation of the contralateral (hemiplegic) HAM in the hemiplegic subjects, whereas some studies 5, 6, 16 found activation of HAM and QUA muscle activities during the executive phase of sit-tostand movement. The SOL was the last muscle to be activated. It has been suggested that this muscle may contribute to postural stability during standing up. 13 The present work found that TA, QUA, HAM, and SOL muscles activated almost simultaneously in the affected leg of stroke patients during sit-to-stand movement. The pattern of activation among the four muscles in the hemiplegic leg refers to the type of synergic organization. In hemiplegic stroke patients, extensor synergy was dominant in their lower limbs. Being a biarticular muscle, the HAM might be exerting a force to the hip and recognized as hip extensors, not only as knee flexors. Thus, it seems that the HAM, QUA, and ankle plantar flexor acted as extensors of the hip, knee, and ankle to raise the body in the sit-to-stand movement for stroke patients. In this way, cocontraction of the HAM and QUA muscles during sit-to-stand movement was judged to be efficient for stroke patients. However, premature and excessive activation of the SOL muscle during the movement of rising from a chair might cause stiffness of the ankle, resulting in instability. Half of our stroke fallers exhibited premature or excessive activation of the SOL muscle as they rose from a chair. This might be an influencing factor for their high rate of falling.
Regarding the muscle activation pattern in the unaffected-side muscle, the results showed less differences in the pattern of leg muscle activation between healthy subjects and the unaffected side of stroke nonfallers, except the amplitude of TA and QUA were much larger and prolonged than that of a normal pattern.
The reason might be that stroke patients have a weaker muscle on their affected side and lean heavily on the unaffected side for compensation. Furthermore, it could be hypothesized that the lower leg muscles were responsible for the control of postural balance. According to Schultz et al., 17 the achievement of postural stability was an important factor in the coordination of rising from a chair. Because TA was an ankle stabilizer, the TA motor activity indicated the requirement of ankle stabilization in the initial stage of sit-to-stand movement. However, individuals who had sustained a stroke frequently had difficulty in activating and timing muscle contractions, impairing their ability to balance while rising from a chair. When a hemiplegic patient rose from a chair, the muscle activity in his or her unaffected side was altered to compensate for the hemiplegic side. Patients who cannot recruit the hemiplegic muscle quickly enough to keep their balance must rely on the muscles of the unaffected leg. Restated, such patients use a compensatory strategy, recruiting the muscle on the unaffected side as early as possible and with greater amplitude than normal. This increased response indicated that the unaffected-side muscle was adapted to the functional requirements of the affected side, compensating for the weak and delayed response of the hemiplegic muscle. In this study, less increased amplitude in TA muscle activity associated with some alterations of muscle activation sequence were noted in the unaffected limb of stroke fallers. This finding implied that stroke patients with less increased amplitude in TA muscle activity associated with some alteration in muscle activation patterns in their unaffected limb muscles had a higher prevalence of falls.
Layne and Abraham 18 suggested that there were numerous biomechanical solutions to postural stability associated with a focal movement.
Each individual would utilize the strategy that was most efficient for them during rising from a chair. This was consistent with our findings that revealed variability between subjects in terms of both latency and amplitude. In this study, the hemiplegic patients, especially those in the group of stroke fallers, exhibited greater variability in their sequence of activation of leg muscles than did the healthy subjects, who all tended to exhibit similar sequences. This finding indicated a disturbance of program preparatory activity in stroke patients, which was more pronounced on the paretic side but could also be seen on the sound side. Another possible explanation for the great variability in the muscle activation sequence in hemiplegic subjects was a failure to produce a consistent maximal effort, owing to a fear of falling during the task. Failure to coordinate several postural muscles might also contribute to lack of stability during the task. Of the stroke fallers in this study, 70% exhibited no muscle activation or merely demonstrated low-amplitude, interrupted bursting activity in their TA muscle. This finding might indicate that the hemiplegic stroke fallers did not utilize their ankle musculature to the same extent as did healthy subjects and stroke nonfallers, which might influence their high rate of falling.
In conclusion, the different activation patterns in the lower limbs of hemiplegic stroke patients were described herein. The temporal sequence of muscle activation was disturbed in most patients with hemiplegia. Two points of practical clinical importance emerged from this study. First, stroke patients with no or merely low-amplitude muscle activation in their TA muscles in their hemiplegic limbs were prone to falling. Second, stroke patients with premature or excessive activation of the SOL muscles in their hemiplegic limbs also had a tendency to fall. On the other hand, the compensatory ex-cessive TA muscle activation in the unaffected limbs of stroke patients might have a role in protecting them from falling. Some limitations of this work must be noted, particularly that the large variance in muscle activation patterns and that the sample size in this study are insufficient to establish any conclusive results. Further study with a larger sample is required to establish a more convincing result. However, the finding of the current work provides more detailed information about the activation patterns of leg muscles during sit-to-stand movement in stroke patients. This information would help in planning appropriate treatment for hemiplegic stroke patients.
